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FOREWORD

This report docwnen ts a study conducted at the Naval Weapons Center , China Lake, Calif.
between January and July 1976. The work was conducted under a target acquisition program
supported by MIPR RA 46-75, AMCMS Code 675702.12.86300 .

The Joint Technical Coordinating Group for Munitions Effectiveness is sponsoring work on
surface-to-surface target acquisition under its Joint Munitions Effectiveness Manual for the
Surface-to-Surface Division. Current tasks include the summary of field test data from target
acquisition tests, experimentation on target camouflage , and the collection of data on terrain and
foliage masking (intervisibility).

This report is a handbook for determining line of sight in different types of terrain. It was
reviewed for technical accuracy by Ronald A. Erickson of the Naval Weapons Center.
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NWC TP 5916

\ INTRODUCTION AND BACKGROUND

This report is a companion to NWC TP 5908 , Line-of-Sigh t Handbook .
Its purpose is to explain how the data were collected and the computa-
tions made to produce the data presented in that report.

The objective of this masking measurement program is to present
probability of line of sight (LOS) as a function of terrain , range, and
altitude. Preparation of the handbook included carrying out a literature
search1 ,2 to determine if the required data existed and , if it did not ,
if there was a proven technique that could be used to obtain it.

Map studies, field studies, and models were examined . Models were
rejected for use because their correlation with reality was not known.
Information obtained from maps has many advantages, but also limitations——
mainly that there is no good way to determine the effects of vegetation
on LOS. There were some field data in existence, but information was all
gathered for particular sites , with no attempt made to generalize according
to types of terrain. However , the literature search did result in dis-
covery of a technique that could be used , with some modification , to
obtain desired data on LOS in the field.

As a result of the lack of detailed and generalizable information ,
it was decided to undertake a measurement program that would describe the
LOS characteristics of various types of terrain. . The method to be used
was an extension of that used to measure masking around each of the targets
during the JTF—2 flight trials in 1965. Those researchers measured the
elevation angle and range to objects surrounding the target which mask it
from view (mask objects). From this information , the probability of
having a clear LOS to the target from any range and altitude was computed .
The NWC measurement program described in this report used the same type
of measurements , but from several sites in the same kind of terrain.
Probability of clear LOS for each terrain type was then computed . The
method is explained in detail in this report.

Naval Weapons Cen ter. A Review uf Ground Tar ~,’et Marking I~.ffecis . by Carol i. Bulge and Robert Stohler.
China Lake, Calif., NWC. June 1974. (NWC TP 56bK , plIblication uNcLAsslI:lF:Ifl

2 Naval Weapons Center. .4 RCI’ie w “1 Surface (o.Surface Masking Studies , by Carol J. Burge. China Lake ,
Calif., NWC. June 1975. (NWC TP 577) . publication UNCLASSIFIFI).)
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NWC TP 5916

THEORY AND DATA-GATHER ING PLAN

MASK ANGLE , RANGE , AND CRITICAL ALTITUDE

Consider a single radial extending from a target or site at S , as in
Figure 1. The angle between the horizontal plane (H) and a line with
origin at S which is high enough to clear the tree is ml. That is the
mask angle of the tree. The angle needed to clear the first hill is m~ .
An observer standing at ground level between S and the tree can see a
target at S. If he is between the tree and the first hill at a range R
from the target, S, the observer must be at least as high as the value of
R tan ni1 In order to see S. Between the first and second hills , an
observer must have an altitude of at least R tan m~ in order to see S.
Similarly, an altitude of at least R tan m~ is needed to see S from a
range which is beyond the second hill. These altitudes necessary to have
a clear LOS to the site are called critical altitudes (CA 1, CA2, CA3,
and CA4 on Figure 2). They are a function of th e terrain and of range.
For any range, R, critical altitude is equal to R tan m , where m is the
mask angle in effect at that range. Whether LOS exists to the site from
any range—altitude combination can be determined simply by comparing the
given altitude with the critical altitude at the required range .

Now consider a circle with circumference at a given range from a
site, S, cutting through the many radials extending out from that site
(Figure 2). There is a critical altitude value , CA , at each range—radial
intersection (four are shown in Figure 2). The mean of these is the mean
critical altitude for that range, with respect to that site. Assuming
that the critical altitudes are normally distributed , about half the
critical altitudes would be higher than the mean . Therefore , if one were
to travel the range circle ’s circumference at the mean critical altitude ,
one would expect to have a clear LOS to the site about 50% of the time.
Critical altitudes with higher probabilities of a clear LOS may be found
by adding standard deviations to the mean , because the mean plus or minus
two standard deviations contains about 95% of the values in a normal
distribution. The mean critical altitude plus two standard deviations
should be an altitude with a probability of about 0.975 of having a clear
LOS to the site.

PROBABILITY OF LOS

Referring again to the range circle in Figure 2, the probability of
having a clear LOS to S from the circle , at a given altitude , is the
ratio of the number of radials for which that given altitude is higher
than the critical altitude to the total number of radials. Thus , once
measurements have been made of mask angles and of range to mask objects ,
probability of LOS for any range and altitude can be computed .

L 4
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NUMBER OF SITES

The number of sites required to obtain a reasonably good statistical
description of the LOS characteristics of a spec1..1c kind of terrain was
unknown. To obtain a guideline for th2 number of sites needed , the
assumption was made that probability of LOS could be described by the
binomial model. This assumption was made because there are only two
possibilities , from any observation point in space, with regard to LOS
to the site: it either exists or it does not. If the probability that
it does exist is p, then the probabili ty that it does not is 1—p. It
is fu rther assumed that  each test of LOS is independent of the other
tests . This obviously is not true if the observation points tested are
too close together .

Calculations were made to get the approximate number of LOS measure-
ments needed for a 957. chance that the probability of LOS estimated from
the data ~zould lie within ±0.1 of the actual probability of LOS . This
number was determined to be between 75 and 100. Details of the computa-
tions are included in Appendix A.

Although it could be argued tha t each measurement along a radial
could be counted toward the 75 to 100 required , it was dec ided to try
to work with between 75 and 100 separata radials in each category of
terrain . To keep measurements as independer.t as possible , only 16 radials
per site would be measured , at intervals of approximately 22.5 deg. Five
or six sites were needed for each terri~in type, to obtain the desired
number of independent measurements.

TERRAIN CLASSI FICAT iON

To determine LOS as a function of terrain , the various kinds of
terrain had to be separated into categories . Sites were classified
according to two properties : contour and vegetation . Contour ranged
from flat farmland to sharply rolling hills; vegetation ranged from
scattered low bushes to dense forests surrounding a small clearing .
Final classification of a site was determIned on the basis of how terrain
looked on topographic maps, in aerial and ground photographs , and from
direct observation.

LOCATION OF SITES

Areas of quite homogeneous terrain in each category were outlined on
topographic maps and , within the areas , sites from which measurements
would be made were tentatively marked . An effort was made to locate
each site in an area “typical ” of the terrain type , with no uncharacter—
jstic features . Sites were selected in an “average ” position within the
area——tha t is, not on the highc”t or lowest ‘r n i n h .

6
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MEASUREMENT TECHNIQUES AND EQUIPMENT

Some time was spen t inves tigat ing the possibility of using a laser
range finder for making the required range and elevation measurements.
The id ea was reluctantly abandoned because of sa fe ty  res t r ic t ions tha t
would have severely limited the choices of terrain where measurements
could be made.

It was decided to employ a standard surveying technique using two
theodolites, which we will call Th1 and Th2. The theodolites were set
up, as shown in Figure 3, both aimed at the same point , P. The elevation
of the point , with respect to Th1, was measured , using only Th j.

FIGU RE 3. Range and Mask Angle Measuremen t.

To dete rmine the range , the distance B between Th1 and Th2 is
measured with the aid of a subtense bar. A subtense bar is a bar of
accurately measured length , X, wi th a level and telescope on i t f or
sighting on the theodolite being used to make the measurement. The bar
was mounted on the Th2 tripod , perpendicular to the line between Tb 1 and
Th 2, as in Figure 4a, and the angular sub tense , a, of the bar was
measured , using Thj.. B~ was calcula ted from the equation below .

x
2 tan cs/2

~~:.
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NWC TP 5916

where

X length of subtense bar

a = angular subcense of subtense bar.

The elevation angle , elt , between theodolites was measured to correc t for
any difference in their heights. B B~ cos elt , as shown in Figure 4b.
Then

B _ X C0S_sit

2 tan cs/V

With B now determined , the angles 0~ and 02 were measured . Then , by the
Law of Sines,

B sin 0 ,.,
_ _ _ _ _ _ _ _

sin (0 1 + 0 2
) ’

where

R = the range f rom Th 1.

The theodolites used in this study were a Kern , model D I’fl(—3 , desi gnated
as the primary theodolite (Th 1), and a Wild , Model T— 2 , des ignated  the
secondary (Th 2 ) .  The subtense bar was also a Wild instrument.

H x H

Th 2

\ /
(b)

ml

(a)
FIG URE 4.
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DATA-GATHERING PROCEDURE

Tentative sites from which to make LOS measurements were located on
topograp hic maps. Precise location of the site to be measured was done
at the scene . Table 1 gives the names by which the various sites were
des ignated for the study and their locations , along with the number of
radials along which measurements were made for each . Th1 was set up on
the spot designated as the site. The tripod for Th2 was located at
least 40 m (100 ft) away in a spot with unobscured visibility of Th]. and ,
if possible , somewha t uphill from Th1 so that anything visible to Th1
would probabl y be visible to Th 2 .

Thl was leveled by its operator while the subtense bar was mounte~
on the Th2 tripod. The angular subtense of the bar was measured by Th1
and recorded . Th2 then was mounted and leveled . The vertical leveling
bubble in each theodolite was centered , and the elevation angle , elt ,
between the two theodolites was measured , each using the crosshairs
intersection of the other scope as target. If the 1-Leasurements of elt
were not within 20 seconds of each other , measurements were repeated
until they were. While the theodolites were aimed at each other , the
azimu th scale on Th1 was set to 0 deg and thar on Th2 to 180 deg. This
completed the setup procedure.

To begin making measurements, Th 1 was rotateá to the first azimuth
value (radial) indicated on the data—recording sheet. The crosshairs
were set on the skyline , the ver tical level adjusted , and the elevation
read. The Th2 operator looked through the scope of Tb1 at the position
on the horizon on which the crosshairs were set , went back to Th2, and
placed its crosshairs on the same spot on the horizon . This process
sometimes required a few iterations . When it was agreed tha t both theodo—
lites were looking at precisely the same spot , the azimuth was read on T h .
The nature of the mask object was recorded , i.e., a hill , roo k o u t c r o p ,
or tree .

For the next measurement , the scope of Thi was lowered to the next
mask object down from the skyline and the process repeated . This was done
for up to four mask objects along the radial , the closest ones to the
site being ignored if there were more than four . The radials were done
in four groups of four opposing radials at each site , as shown in
Figure 5. This was for two reasons : first , if all 1.6 radials could not
be completed (due to weather or t ime limitations), the sampling would not
be lop’~ided; and , second , in case an undetected , systematic error developed ,
it would be spread over all the data , rather than deforming one segment.

9 
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TABLE 1. List of Tentative Sites for LOS Mea surements.

Terr ain type Name of site 
No. of Geograp hic loca tion

A. Fairly flat farm— High Falls 16 Near Ft. Rucker , AL
land ; thick forests High Bluff  1 16
in distance Allen 16

To th l  16
To th 2  16

B. Fairly smooth Y—1 11 Near Ridgecrest , CA
desert with little Y—2 13
vegetation Y—3 15

Y—4 16
Rademacher 3 16

C. Rolling farmland ; David Hendricks 16 Near Ft. Rucker , AL
thick forests Dundee 16
close Clayhatchee 1 16

D. Moderately rough Wilson Canyon 1 12 NWC range , China
desert and rolling Wilson Canyon 2 10 Lake, CA
hills with little Mt. Spr ings Canyon 2
vegetation Radernacher 1 19 Near Ridgecrest , CA

15
Cameron 1 13 Near Monolith , CA
Cameron 2 16

E. Fairly flat farm— Slocomb 16 Near Ft. Rucker , AL
land with thick High Bl uf f  2 16
forests close Clayh~ tchee 2 16

Clayhatchee 3 16
Clayhatchee 4 16

F. Gently rolling Golden Hills 1 16 Near Tehachapi, CA
hills with Golden Hills 2 16
scattered trees Stallion Spr ings 3 16

Stallion Springs 4 16

G. Rough desert with Wilson Canyon 3 16 NWC range , Ch ina
little vegetation Mt. Springs Canyon 1 19 Lake , CA

Mt. Springs Canyon 3 15
Mt. Springs Canyon 4 16
Rademacher 2 19 Near Ridgecrest , CA

H. Sharply rolling Stallion Springs 1 16 Near Tehachapi , CA
hills with thickly Stallion Springs 2 1.4
scattered trees

10
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FIGURE 5. Order rn Which Radials Were Measured.

Several problems were encountered using this method . One was the
difficulty of locating, on the scope of Th2, a precise , tiny spo t seen
as the crosshairs intersection point in the scope of Thj. Operator
training in the process partially overc ime this problem . Leveling the
theodolites was time—consuming; the instruments were re—leveled and the
0— to 180—deg line reset if either of them was bumped or if suspicious
readings were obtained . It sometimes happened that the point at which
Th1 was aimed was masked from Th2 by a tree or hill. In these cases ,
Th 1 was rotated a degree or two un t i l  a mutua l l y v i s ib le  po in t  was found .
Of course, the azimuth reading on the data sheet of the primary theodolite
was cha nged according ly. A samp le data— recording form and procedu r e
list are shown in Appendi x B.

At each site, 12 photographs were taken looking out from the site ,
starting on the north radial and moving counterclockwise in a circle.
Aerial photographs were taken of the terrain where the sites were located .
In most cases the individual sites are shown in the p i c t u r e s .

11 
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DATA REDUCTION AND RESULTS

COMPUTER PROGRAMS

Two computer programs for the UNIVAC 1108 were written and used i
reduce the data , which consisted of mask angles and a z i m u t h  angles , is
well as angles for measuring B (see Figure 3). One program computes and
plots probability curves and critical altitudes for individua l sites.
The other program combines probabilities and critical altitudes from
individual sites into summary probability and critical altitude curves
for each terrain type. A l i s t ing of the programs and instructions for
their use are in Appendix C.

LOS AS A FUNCTION OF TERRAIN

The body of the Line-of-Siqh t Handbook contains critical altitude
curves and two sets of probability curves : one for altitudes below
1000 m and another for altitudes below 5000 m , for each terra in type.
Aerial and ground photograph s and topographic maps are included for each
type of terrain measured . An examp le of all these items fo r  one of the
terrain types is shown in Figures 6a and b , 7a and b , 8, 9, and l0a and b .
The handbook ’s appendi x contains the same i n f o r m a t i o n  for each individual
site. An example of individual site data is shown in Figures h a , b ,
and c , 12a , b , and c , 13, and 14.

Figure 15 shows the terrain types included in this study , lis ted in
order from that with the least masking to that with the most. The rank ing
is based on a comparison of the probability curves from the various types.
In an e f f o r t  to f ind measures that might correlate with LOS probability ,
the average angle between the skyline and the horizontal plane and the
median range to the sky line were computed for each site. Figure 15 shows
the average of the average sky l ine angles of a l l  the  si tes in each te r ra in
type. The standard deviations about these means are also shown . The
average skyline angles were rank—ordered and the Spearman rank correlation
coefficient , r5, was computed with the ollowing equation:

r 
6 E d ~ 

1) ’

where
I~. di = the di f fe r ence between ranks for each terrain type ,

n = the number of terrain types.

12 
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For this study, r5 = 0.95, which is significant at the 0.005 level. It
is not surprising that average skyline angle and probability of LOS are
closely correlated , since the compu tation of the pr obabili ty depended
in par t  on the skyline ang le. However , it does indica te tha t the need
to measure masking objects below the skyline should be reevaluated
before more masking measurements are made. The effort may be worth-
while only for very low altitudes .

In Figure 16 , the average median range to the sky line is shown
for the eight terrain types . The standard dev ia tions ar ound these means
were huge, so caution must be used when interpreting this plot. It is
interesting to note the relatively long median ranges to skyline for
desert and mountain foothill sites compared to farmland sites .

COMPARISON OF FIELD AND MAP DATA

A minor objective of the measuremen t program was to compare the
field results with data obtained from topographic maps . Figure 17 (a,
b, and c) plots probability curves computed by Erickson 3 on the same
graphs with results from this study. The terrain categories were the
same , but the actual terrain measured was different. The agreement
between th e map and measured curves is reasonab ly good , espec ially for
the fairly smooth and the rough cases . This agreement is no doubt aided
by the fact that vegetation was not a significant factor for the deser t
terrain types. Probability curves from map da ta have no t been compu ted
for other terrain types. These could readily be done if the need arises .

SUMMARY

r This report has presented detailed information on how data were
collected and calculations made for TP 5908, Line—of-Siqht Handbook .
The concepts of critical altitude and of probability of LOS have been
explored , along with classification of terrain types and selection of
sites for making measurements. The equipmen t used f or making measuremen ts
and the techniques used were described . Data reduction methods and
examples have been provided .

i N.IV al Ordnance Tesi .Sljhon. Ionpiru-alII- fklernw:ed / I 1 0 ~‘! I r, o / ‘ ‘1, ‘/ Featurep I /5 ~I
i s i F i I i t  br op,, I.ow.I’1~-wg ,4 ircraf:. by Ronald ‘~ I. 1Ic~s o I  ( hina I..ikc , ( lit . NOIS . 13 September 1961.

I N,\VW I I’S Report 7779 , No I S FP 27611, publication 1.511  .\SSII II I) .)
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FIGURE 12 . An Example of Data for an Individual Site , CM 2.
Probability of LOS as a function of (a ) altitude up to 5000 m,

and (b) range ; and (c) mean critica l altitude as a function of
range.
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Appendix A

CALCULATION OF REQUIRED NUMBER OF LO S MEASUREM ENTS

The assumption was made that probability of LOS can be described
by the binomial model , since for any particular sighting there are only
two possibi l i t ies——either  LOS exists or it does not.

Let p = probability that LOS exists;

then

i—p = probability that it does not,

= estimate of p made from the data,

= probability that ~ lies within some tolerance , T , of p,

1 = p — T,

u p + T .

Then P 11 < p < ul = c~ .

By the binomial expansion ,

u ,l —
~~~

-—
~ ~ + + _____ +

:.. which can be simplified , by using the normal approximation to the
binomial , to

u,1~~~~~~~ c

The normal approximation is good when p is close to 0.5.

~~~~~~~~

I~~~1 I
where c is a coeffic ient  obtained from a table of the norma l d i s t r i bu t i on .
When solved for n , the above equation y ields

c 2
~ ( — ~.pL)

T 2 
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It was decided to strive for an estimate of p that would have a 0.95
probability of being within 0.1 of the true probabil i ty;  therefore T

= 0.1 and ~ = 0.95. The following table was computed for a ~ of 0.5.

0 1 u

100 0.411 0.607
50 0.380 0.657
10 0.274 0.886

It appears that between 50 and 100 measurements are needed to f u lf i l l
the requirements when ~ is close to 0 .5 .

If ~ = 0.9, the following table shows that between 36 and 50 measurements
should be enough . Since the number of measurements required did not go
up when ~ wa s raised to 0.9 , it was decided that between 75 and 100
measucements for each terrain type should be enough .

n 1 u

50 0.815 0.992
36 0 .799 1.01
10 0.692 1.14

28
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Appendix B

PROCEDURE SHEET AND DATA RECORD ING FORM

MASKING MEASUREMENT PROCEDURE

1. Set up primary tripod (Kern) at site. Rough level it. Mount Kern
theodolite on it and level it.

2. Set secondary tripod about 67 strides (at least 100 ft) from the
site . Mount the subtense bar on it and set it perpendicular to
line from the other tripod .

3. Measure and record the horizontal angular subtense of the bar ,
alpha.

4. Mount and level the secondary theodolite on the secondary tri pod .

5. Measure and record the elevation angle between theodolites using
the center of scopes as targets , elt.

6. Set the 0— to l80—deg lines on the theodolites parallel to the line
between tripods :

a. From the primary , set the secondary at 180 deg (the pr imary
reads 180 deg).

b. From the secondary , set the primary at 0 deg.

7. On the primary theodolite , move the reticle along the skyline until
the horizontal circle reading is 80 deg. Check the altitude level ,
then read and record elevation , El (top and bottom scale) .

8. Place the reticle of the secondary theodolite at the same point on
the skyline as the primary. Read and record the horizontal scale ,
Az5 (middle and bottom).

9. Lower the primary theodolite reticle to the next mask object down
from the skyline, keeping the horizontal scale on 80 th~~. Check
and read vertical scale.

10. Place reticle of secondary theodolite on the same point and read
horizontal scale.

11. Repeat steps 9 and 10 for as many as four  mask objects along the
radial. If there are more objects , i gnore those closest to the site .

12. Repeat steps 7 through 11 for each azimuth shown on the data
recording form .

29
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Sheet l of 2

Date :_____________ Site:_____________ Alpha :______________ E l t : ______

Th: ________________ Terrain type :____________ No. Radials:________

Order Az ’ El Az 5 Object Comments

13 12

14 58

1 80

9 102

6 125

10 148

2 170

- P 15 192

7 225

16 238
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P Sheet 2of 2

Site: ____________________

Order Az ’ El 
— 

Az~ Objec t — 
Comments

3 260

282

8 305

12 328

4 350

Site description : Camera Log: 
_____________________ 4

‘
P

P 
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Appendix C

COMPUTER PROGRAMS

Both programs were writ ten in FORTRAN V for a UNIVAC 1110 computer.

PROGRAM PLOS

Tha pr ogram “PLOS ” uses raw data to compute ranges to mask objects ,
then critical altitudes and probabilities of LOS.

Input Data

Card 1 NT , NR , NHF , NRP , N}IP
Column 1—5 , 6—10 , 11—15 , 16—20 , 21—25

where

NT = the number of sites for which data are being submitted ,

NR = the number of ranges at which probab ility is to be compu ted ,

NHF = the number of al titudes at which probabil i ty is to be comp uted ,

NRP : on the gr aphs of probabili ty versus range , a symbol will  be
drawn every NRP ran ge value ,

NHP : on the graphs of probabil i ty versus a l t i t u d e , a symbol wi l l
be drawn every NIIP altitude value.

• Ca r d 2  R 1 R 2 . . . .

Column 1—6 , 7— 12, 67—72

Card 2a R 13 R NR
Column 1—6 ,

as many cards as needed .

R is the range at which probabili ty of LOS is to be computed .
Six columns are allowed for each range and the numbers must be right—
ju stified .

Card 3 HF
1 

HF
2 

HF 12
Column 1—6 , 7— 12 , 67 — 72

t 4.- •
~ 
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NWC TP 5916Card .3a HF
13~ 

. HF~~

as many cards as needed .

ju s ti f ied

HF is the a lt itude  at whj~~ probabjift of LOS is to be computed

Sj ~ columns are allowed fo r each a lt i t ude and the n umbers mu st  be ri ghtFor each Site :

Card i ALP , 
ELT , 

NTN

Deg Mm Sec Deg Mm Sec
Column 1-3 4-6 7-j o 13-li 16-19 20_2 1 

25-2 7 31-36
where

ALP angU~~~ Subtense of the subt ense bar in degr ~~ 8 m in ut es , and

seconds,
ELT elevation angle between theodolit  in degre~ 5 m inu t e s  and

seconds ,
1~M number of radials fo r t h is site ,a Six char al phaflume i i den t i f i c a t i on  

the  s~~ 0
Card 2 AZp , 

DMSIC , 
AzsCo1~~~ 1—5 8-10 11-13 14-16 19-2i 22-24 25-27

Deg Deg Mi~ Sec Deg Mm Sec

Cards/radi i

Card (4~~Thf) . i.e. , one Card for eac h mask obj ~~~ m easured  f ou rAZp = azimuth angle from Pr imary theodolj t  in  degre05
DMSK mask angle in degre58 m in utes , and seco nd sand seco nds

AZS azimuth angle from seconda~~ th e odo l it  in degr e~~ minutesThe re must be four ca rd s per ra dia l If t hat ma ny flask ob j e cr ~ were n o r

measured , b lank cards mus t be insert ed
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Output

The program prints for each site :

1. The distance between theodolites , B.
2 .  AZP , mask angle , and range to mas k objec t , for each mask ob j ec t .
3. Average angle to the sky line and ave rage range to the skyline

mask objec t .
4. For each range :

a. A critical altitude for every AZP .

b. The mean critical altitude for the range .

5. A probabi l i ty  of LOS table with probab i l i ty  of LOS for  every
combination of altitude and range.

The program plots for each site (all on a single sheet):

1. Probabili ty of LOS versus a l t i t u d e — — a  curve for  each range .

2. Probability of LOS versus range——a curve for  ( - .~ch altitude.

3. Critical altitude versus range——a curve for mean critical
altitude and a curve for the mean p lus two s t a n d a r d  d e v i a t i o n s .

The program punches:

1. Mean crit ical a l t i tude——one  for  each range , up to 12 per card .

2. Mean critical al t i tud e plus two standard deviations— —one for
each range , up to 12 per card .

3. A probability table with a probabilit y punched for each
range——alt i tude combination .

PROGRAM AVPL

The pr ogram “AVPL” combines and summarizes the da ta  f rom a l l  the
sites in a given type of terrain into a description of the terrain ty p e .

Input Data

Card 1 NSETS
Column 1-5

NSETS = the number of types of t e r r a in  for  whi -h d i t a  is being
submitted in this run .

H
35
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For each terrain type :

Card 1 NT , NR , N}IF , NRP , NHP , NTN
Column 1—5 , 6— 10 , 11—15 , 16—20 , 21— 25 , 31—36

These variables are the same as those described for PLOS , Ca r d 1, except
for the addition of NTN . NTN is a six—character alphanumeric iden t if ier
of the terrain type .

Card 2 R1 R 2
Column 1—6 7— 12

Range cards--same as fo r PLOS 
, 

-

Card 3 HF 1 HF 2 
.

Altitude cards——same as for PLOS.

For each site (punched by PLOS) :

Card 1 Mean cr i t ical  al t i tude . . .

NR of them , up to 12 per card .

Card 2 Mean critical altitude plus two standard deviations

NR of them , up to 12 per card .

Card 3 
~L0S 11 ~LOS 12 ~LOS 1 NHF

~LOS 21 ~LOS NR,NHF

~LOS 
= probability of LOS .

Output

AVPL prints the average probabil i ty table for  each t e r r a in  type .
AVPL plo ts:

1. The average probability versus altitude with one curve for
each range.

2. The average probability versus range with one curve for each
altitude .

3. Crit ical  a l t i tude  versus range— —one curve of the mean critical
altitude and another for the mean plus two standard deviations.

36 
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Listing of the Computer Program PLOS

1~ C C 2 ” P U T E S  P L O S  A 5  FWICTICN OF R A N G E  AND A L T I T U D E .  I~~~UT D A T A  A PE ~~~~~
2~ C A~.5L ES A~~OU~.D A

.t* C ~o~~~, L M 3 E R  CF M A S M  A~~~~L E S  PER T A R G E T
~~* C ~~~:s’JuB ER SF ~ A r , ’ E S,  ‘~F :NuMb E R OF FL I G H T  A L T I T U D E S ,  ~T :;,U p isER OF T A R G E T S
5*  .5 ~.P:NUM~~E~ OF ~~~2~~A~~ 1L IT I C S  :~~RX ~~HF

C1~~E~~S - 5 ~. r P i S s ( Z ~5, 4 ) . R D 1 ’ ,4 )  ,R( 321 , H C ( 3 2 , 2 Q ? , HF122~~. P R O B 1 3 2 ,22)
7. D I M E N S I O N  P1  3 Z ) , T I4 E 1 A ( 2 . ~

) , L A b E L P I 6 )
3* IMEN S IC ’ . A L P ( 3 ) , ! L T I 3 ) , A Z P ( 7 2 ,~i ) , D M S K ( ’ 4 , 3 ) , A Z S ( 4 ,3) , A Z S C i 7 2 , ’~

)
9. DIMENSIO~. AV E C 132 ),VAR1 32 ) ,C A 2 ~~D 132)

13* 3IM ENSION IPA L(~.1D), I PAI ~2 (213)
11* J IMENSIO’. ~LA ~~(l 1, HLA ~~(2J
12* lOG F O R M A T  I S I S )
:3*  1D2 F O R M A T  ( 1 2 F~~. )

23.: flR’AT c : ’~..’PL oS P R O G ? A M  S iT E  ‘ , A 6 )
l5~ 2C1 FCRM ST (IHC7MPANGE :F7. ,€4~ E 1ERS )
16* 202 FORM . T  (1 1.3HC~~ITTCA L AL 7ITUD E SI

2 ’ 3  F D R M A T  ( HJS2F1.5 .C)
2.~ F O R W A ~ I 32 3 HME .~N C~~I T 1 C A L  ~L 1 ITUD! : F 7 . C , 6 H M E T E ~~S )
2.. 5 F C R ~~.T (j~~~’PDOB ABILI TY CF L~.S T.~.SLE Sl ic. , t. ’ )

2 . 5 *  2~~6 FO R’~A T I 9 H A L T I T U D E ~~~.f 1 . .)
2 1*  2C 7 F O R M A T ( l H 3 ~~H R A ’ .G E)
22* 213 FORM A~~(1h F6.C,4 X D F1O.3)
2 3 *  330 F O R M A T I F I . . )

315 FO~ MA 1  ( ‘~~RO~ A E i L I T ~ OF L O S ,  S I T E  ,~~6 . ’ S ’ 1
2 5 *  32D F3~~MA T ( ’~~~’,F6.C,’S’)
2 6*  325  F O~~U~~T i ’ . A LT : ’ ,F6 . 2 , ’s ’ )
~~7s  T H E T A ( l :3

SF A R: 2.
.5 7*  5 C 3 1 1 : 2 , 7 3
33*

3 T H E T A i K ) T H E T S ( I (~.). 1., .C* . 2 2 962
32~ CALL FRS.:I2. (’ 175 C .  B U R G C  PH. 3167’)
33*  R E A D I 5 , 1 ’ .53 ) N T  ,Np , .H F , p , R P , ’.Ii P
3~ * R E A D 1 5 , I 2 ) f R ( K ) , I<~~~,N~~

)
35*  R E A D ( 5 , 1 2 1  ( H F ( K ) . K : 1~~.HF I

16.  N~~5
57.

37
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3ô *  A V E C ( ~~~:2
39*  9 v A R  n~ ):O
43*
41* DO4K: 1, N H ,r.RP
42.  KS:KS.t
4 3*  ENCO0E(1J,32 O , )~LA3 )R(K)
44* CALL HE IGHT I 3. 8)
45* 4 CALL LI~~ES (R LAb, PAKt ,KS)
46’
47* GO5 K:1,NHF ,’~HP
48’ k5:K5,l
49* ENCOD!IIl,325, hLAB ) HF (K)

C ELL LINES (HLA3,1~~A K 2,KS)
51* 0095L1:1,ST
52*
53* 124 FOR ~I A T I 3 F 3 . 3 , 3 x , 3 F 3 . ; , 3 x , I 3 , 3x ,A o )
5 4 *  A L P H : ( A L P ( 1 ) . ~~L P ( 2 ) / 6 C . A L P ( 3 ) / 6~ 3 ) * . O 17 4 5 3 2 9 / 2
5 5*  ELT H: E L T ( i ) . C L T ( 2 ) / 6 3 . E L T U /~~6J 3 ) * . O 17 4 S3 29

3:S3AR/ (2*(SIN(~~LPH)/ CUS(AL~~H ))*COS (ELTH ))
57*  I R I T E I 6 , 2 3 . . . ) NT N
58. ~PIT ((6 ,499)5
59* 499 F O R M A T ( 1 M O ’ 8  IS ‘,F7.2,’METER S ’)

W R IT E (6 , .9
61* 496 FORMAT (1113’ *ZIMUTH MASK A NC LC RANGE ’)
6 .5$ dR IT E (6 ,4 9 7 )
63* 497 FORMAT (IH ‘ (DEG) (050) IHETERS ) ‘)

AVEM:3
6 5’ NUR:N’4
6*

67* 3~~jt1K 1,NM
58* 0081:4 ,1
8 9*  R E A D  ,l 3 ) A Z P ( K , I ) , ( D l ~S~~( 1 . J ) ,J : t , 3 ) , ( A 2 S ( I , J ) , J 1 , 3 )
70*  103 F O R M A T ( 2 X , F ! .Q , 2 X , ~~F3 .~~, 2x , 3 F 3 . C , 1 3 X )
71* A Z S ( t , 3 ) : 2 * A Z S l j , ! )
72*  T S T : Z * A Z S ( I , 3 ,
73. I F ( T S T . L T . 6 0 ) G O  10 6
74* 4 2 5 ( 1  , 2) ~~A Z S ( I , 2 ) ~~1.
75* AZS (1,3) z A  .~S ( 1 , 3 )  — 6 0 .
76*  6 E M S K ( K , 1 ) : ( I Q M 5 K ( I , 5 ) _ 9 J ) , . M 5 ~ (I , 2 3 / o J . ~~M S K ( I  , : ) i s o o . )
77. IF( E M S Kf ’~,I).LT.C)E~~SK (K ,~~~:3
78* AZSC (K,I):(AZS(I,1).AZSt5,2)/65 .5ZS (;,3)/!6O. )*.C17~~532Q
79* A Z P ( . ~~,I) : A Z P ( . , I )* , 3 5 7 4 S 3 2 ?
5 3,
5 1*  4 4 0 2 : A Z P ( K , I ) — A Z S C ( K , I j

PD (~~, I) ~* S I S I A  N G 1 i / S I ~-. I A S 62))
53 *  A Z P IK ,I) A P1I . . I) / . 0 1 7 4 5 3 2 9

UP IT S  lb ,SC,.. ) A i ’ P 1$ ,I)  ,E MSK ( 4  . 1 )  ,P 3 ( K , 1)
5 5*  5~~j FOP’4At (2~~,F4.3,$X ,F5.2,0X, F6.7 J

‘7*  e C C N T I ~.UE
A VS ~~:A  V EM.5 M 5 K  (K  , 14

I AG \-JSTI C . INS TEST FOP E6~~~L ITV BETWEE N N U ~ - I S I E G E R S  M A Y  NOT 6 5 U E S N I . G F U L .
39’
9.J * 3V D : A V E~~- R 0 ( 4 I ,~I)

38
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~1~ 10 CO NTINUE
72*  A V E M : A V E M / ( N M * .0 1 7 4 53 2 9 )
R3 .  A V E P : A V E R / ~,M

4RI T E (a , 5 3 2 ) A V L M ,A V E R
95*  531 F3P~~A T ( 1H3 A V E  S k Y L I~.E A N G L E~~’ ,FS. 2, ’D EG, R A N G E : ’ ,Fb.l, ’ M E T S R S ’ )

CALL  O P N P L T
c 7 ,  D O 13#:1,SR

— . ~5*
99. SSQ :

13 2. 00151:1,NM
1.1* T ST : Z
1 3 2*  DO15J : 1,4 -
IA G N O S T I C .  THE T E S T  FOR 5O. A L I T Y  9 C I~~EE N ‘ S ~: — I N T E 3 E R S  ~~Y S S T  3~ M EA N I N G F U L .
1- 33 *  I F ( T S T . E Q . 1 . ) G G  TO 55
I~~G N C S T IC. TH E T E S T  FO R E U A L I T Y  B E T . E E N  ‘ 4 Q N — I ~. T E G E R S  ~ AY NOT 8E M E A N INGFUL.
124 *  I F ( E M S ~~( I , . .j ) .EQ. .. ) G O  T 3  15
135*  t~~( ° (4 ) . L E . P D ( I ,j I I G O  TO Il

IF( j .EQ ,4 ) s 0  IC 13
127* GO TO 15
136. 51 I F ( J . OT . 1 ) O O  T O  12
109* ANG :j
110* GO TO 14
111$ 12 J .j :.J — 1
112* A NG:EMSY (I,JJ )
113* 00 TO 14
114* 13 ANG :EMSK (I,JI
115* 4 H C ( 4 , I ) : R ( N ) * T A N U N O )
11 6’ TSI:1.O
117* 15 C O N T I S L E
11 8* AVE :AVE .HC (K ,I)
119* 16 S S Q : S S O . H C ( K , I)* * 2.
120* A V E C ( K )  : A V 5 / ~~M
121. V A R ( ~~) : ( S S ~~— ( A ~~E* * 2 . ) / N M I/ N M — 1
12 2*
123* 00221 :1,NHF
124* PPOB (K ,I):Q
125*
126* 15 I F I H F ( I ) . G E . H C ( K ,L) ) P R C E ( k ,I ): P 7 0 8( K , I ) . 1
j37$ 20 P7O9 (K ,I):PPCP( K ,I)/ S$
128. h R I T E ( 6 ,~~.:or~T r,
12 9. WRITE (6,201)P(K)
1 3 s  URITE 16,202)
1:1* L2:G
132* LIN :INT (~~M d 1 S )
13 ’  DC2 5L:1,LI~
13 14* L1:L2.l
135*  L2:L*12
13o * 25 ~PITE ( 6 , . 2 3 1 ( H C ( K , X P , I Z L 1 , L : )
137 * IF (Lz .EQ.NIl )G3 10 30
13 8*  L1:L2.1
1 :9. .P ITE (6 , 2 2 ; )  (H C (K ,I ) , I :L 1. ‘~M)

142* 33 W P I I E ( 6 , 2 C t 4 ) A V E C ( K )
NA :1

14 2 *  CILL P H Y 5 O .~ ( 3 . 2 , 7 . C )
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143* CALL SC LPIC I .5)
144* CNCODE (35,315,LA bELP)~.TN
14 5$ CALL INTAX..
1146* CALL I ITLS(  ‘ ‘. l,’ALTI 1u35, I4 % ’  ,1C3,~~PRO84’ILITY~~’ ,1C..,2.5,1.75)
147* CALL M ESSAG (L SEEL P ,1 3O.—3 .35,2.75)
1 4 6 *  C A L L  CRAF (C., 5CC.,SDCO.,J .,C. 2,j.3)
145* 00534 :1 ,NP, N R P

353* 5052J:1,NHF
151’ P (J ) ~~P R O E ( 4 , J )
132* 53 CALL CURVE (HF,P ,NHF ,Z)
153* ~RL:INT (Np/NRD)
1 54* C~ LL L E G E ~~D ( I P A M ! , t.~~L ,~~ . 7 5 , — .2~~)
135* CALL  E S O S R ( O )
1Sc ~* .RITE ( 5 , 2 ~S 5 ) I ’ T N
15 7* N HFS : 1 .T ( N H F / h . )
138*
159 ’  I F ( S H F . LT . i C ) G O  10 56
160’  DC55I :1,~~HF1
1~~1* L1:L2,1
162$ L2:1O.I
163’ PP IT 5 ( b , 2 . : 6) ( H F ( L ) ,L:Lj, L2 )
164*  U P I I E(6 , 2 7 )
165*
166* 55 , P I T E ( 6 , Z C 5 )  ~ ( K ) , ( P R O B ( K , J ) , ,J :L. 1,L2 )
167* 56 NHF2:~,HF—1 2*NHF j
166$ IF I N H F 2 . E . G . 0)  60 10 59
159* L1:L2.1
1 7 3$  L :LZ .NHF2
171* . P IT E ( 6 . 2 O 6 ) ( H F ( L ) , L : L 1 , L 2 )
172$ W RITE (6,2..7)
173* DO 5SK 1,.’~R
574 *  56 I P I T E ( 6 , 2 Q 5 ) R ( K )  ,( P PC B  (~~.J),J:L1,L3)
175* PUNCH bO2,(AVEC (K),K:1,SR)
176* PUNCH 6C.:,( C A 2 S D ( K ) , K:l,HR)
177* 600 FCPM AT (12F6.3)
176* PUNC H 6 1,I(PP0B(K ,J), 5 , NHF ),i~~j,NR)
179* 631 FORMAT (1ZF6 .3)
183* 59 CALL  PHYSOR (3.,4.C)
19 1’ CALL  T IT L S ( ’  ‘,1, ’ R A N G E , M~~’,1 C, ’ P RO B* 8 I . . I T Y s ’ .j C 2 , 2 .5 , 1 . 75)
1 92* CA LL GRAF (3.,2303.,100CO.,C .,D.2,1.3)
153 ’  CALL I N T A X S
154*  CO65J:1,NHF,NHP
16 5*  CO6OK : 1 ,NR
1-36* 60 P ( K ) : P R O 6 ( K , J )
1 s7* 65 CALL CUPVE (P ,P ,NP,’41
13 8* NHL:I~lT (N HF/NHP )
199. CALL LEGEN14(1 PAK2, NHL,i.75,—G .~~5)
193’ CALL !‘.DG R (D)
l°1. CA LL PHY OR (3 .,1 .5)

— 
1~~2* C ALL T TLE (’ ‘,l,’RANGE, M S ’ ,l’DC, ’CRIIIC*L A L T I T U C E , MS ’,103.2.c ,1.7
193k A S )
j 9 14*  CA LL G R A F ( C . . 70 0 3. . 1 b 0 0 0. , 2 . , 2 C 0 3 . , 6 C 3 0 .)
195. CALL IN T A X S
19 6* CA LL CU RVE IR ,A WS C ,NP ,’JRP)

1 97* CALL CURVE( .~,CA2 ~~fl,NR ,~.RP)
198* CALL  EN D . ,R (2 )
199. CALL E~.3P1(1)
220*  95 C O NTI N U E
231. CALL OGNCPL
2 3 2 *  END

0 CF COMP I LA T I O N :  I C I A S N O S T I C S .

_
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Listing of the Computer Program AVPL
1’ C PLOTS AVE P RO P LOS F R O M  PRO P T A B L E S

D IME NSIO N A V E C ( 3 2) , A V E W ( 3 2 ) , c A 2 5 0  ( 3 2 ) , C A  2 ( 3 2 )
3’ DIMENSION R ( 3 2 ) , t j F ( 2 2 ) ,p R o B ( 32 , Z 2 ) ,pp oBA (3 Z , 2 2 ) , P ( 3 2 ) ,L * 8ELP (

~~
)

D I M E N S I O N  I P A K 1 ( 2 1 J )  , I P A K 2  (21 0)  , R L A B ( 2 ) , I . L A S ( 2 )
5*  R E A D ( 5 , I O C ) N S E T S
6* 100 F O R M A T ( 3 5 )
7* C A L L  FRSOID( 3175 C.8URGE PH . 3167’)
0*  DO 9 S L T ’ l , N S E T S
9’ R EA D (  5,101) NT ,NR ,NH F , NRP ,N HP , 4TH

10* 101 F O R M A T ( 5 I 5 , S X ,A 6 )
11’ R E A D ( 5 , 1 0 2 ) ( R ( K ) , K = 1 , NR)
12’ 1.51 FORMA T (12F6 .G)
13* R E A D ( 5 , 1 02 ) ( H F ( K ) ,K . 1 , N H F)
14. C PA C K S  LE G ENDS
15’ K S G
16’ DO4K 1,N R ,N R P
17* K S = K S 4 1
13’ E N C O D E ( 1 O , 3 2 0 , R L A B ) R ( K )
19* 4 C A L L  L I N E S ( R LA 9 , L PA K 1 ,~~S)
20’ 3 2 0  FORMAT V R= ’,Fo .O , $’)
21’ K S O
22’ D05k 1 ,N H F ,NHP
23’ K S K S + 1
24 *  E N C O O E ( 1 1 , 3 2 5 , H L A P ) H F ( K )
2 5 ’  5 CALL L I N E S ( H L A B , I P A K 2 , K S )
26’ 32 5  F O R M A T ( ’ ALT a , F6 , C , $ )

27*  DO1OK ’ 1 ,N Q

28’ A V E c ( K ) O
29’ C A 2 ( K ) ’C
30’ DO 1OI~~1,NHF
31* 10 P R O 8 ( K ,I ) O
32*  D O 1 5 L ’ l , N T
33. REA D( 5,104) (AVEU CK) ,KZ1 ,NR )
34*  READ(5 ,104 )CCA2SD(K) ,K= 1 , NR)
35*  124 FoRMA ~~~12 r6 .0)
36* RE A D (5 ,ICI) ((PQO9A (K ,I),I=1 ,N HF ) ,K.1 ,NR)
37*  103 F O R M A T  (12F6.3)
33* 90154=1 ,48
39* *V EC (K)=A V EC (K ),AV Ew (K)

• - 40* C A 2 ( K ) C A 2 ( ~~) + C A 2 S O ( K )
41* D0151 1,NHF
4 2* 15 P R O 8 ( K ,I) = P R O E ( K ,I) + P P O P A ( K ,j )
43* D O 2 C K 1,MR
44* AVEC ( K) AV EC (K) /N T
4 5* C A 2 ( K ) C A Z ( K ) / N T

3 
~6* bO201~~1 ,NHF47 * 20 PRO8(K ,I)~~PRO8(K ,I)/NT
4 8 ’

‘ i i  49 ’  200 F O R M A T ( 1 H 1 ’A V E  P R OP T A C L E  ‘,A S , E P S A I N ’)
50. C .P ITE A V E  P809  T*E ’LE
51* NHF1 L N T ( N H F / 1 O )
52’  L 2 G
5!. I F ( N H F . L T . 1 2 ) G O  10 36
54 ’  D0351 ’ l , NHF l

A

¶
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55’ L1 ’ L2+1
54*
57* W R I T E ( 6 , 2 C 6 ) ( H F ( L ) ,L =L 1 ,L 2)
58’ 206 FO R M A T ( 1 H O 9 H A L T Z T L J D E ’ l Q F l O . C )
59. UR ITE (6,227)
60’ 207 FO R N A T (1 ) I C 5 H R A N G E )
61* D035 4= 1,NR
62* ~5 WR ITE (6 ,208)R (K) ,(PROB (K ,J) ,J’Ll,LZ)
63’ 208 F O R M A T ( 1 42F6.O ,4X10 F 1 ’ .3)
64* 36 NH F Z ’ N H F — l C * N H F l
65’ IF (NHF 2 .E 9 .O)GO TO 39
66* 11=12 .1
67’ L2.L2 +NH F2
6!’ W R I T E ( 6 ,2 0 6) ( H F( L) , L . L 1 ,L2 )
69*  U R I T E ( 6 ,2 07)
72. D O 3 E K = 1 , M R
71. 38 WRITE(6 ,208)R(K), ( P R O P ( K ,J ) ,J L1 , L2)
72’ C PLOT A V E  PRO P AS FM OF A L T I T U D E
73 ’ 39 C A L L  P H Y S O R C 2 . , 5 . 5 )
74. E N C O D E ( 3 5 , 3 1 5 , L A t j E L P ) N T N
75’ 31 5 F O R M A T V A V E  PROP LOS ,A 6 , ’ TER R A I N , S )
76* CALL RESE T (INTA XS ’) —
77*  . C A L L  A I N T A X
78 ’  C A L L  T I T L E C ’  ‘ , 1 , A L T I T UDE ,MS ’ ,100 , P R O B A B I L I T Y S ,100 ,3 . 7 5 ,2 . ’5 )
79* CALL M E S SA 6 ( L A B E L P ,lt3O, —O.25,3 .5 )
2C ’ CALL GRA F (2 ., 1000., SOCC .,0.,O.2,1 .O)
81’ 60454 1,N R ,N RP
83’ D 044J 1 ,N H F
83. 44 P(J) ’PROP (K ,J )
84* 45 CALL C U R V E C HF ,P ,NHE ,NM P )
35 * N#L .INT (N R/N R P )
86’ CALL L EGEMO (IPA K1 ,N R L , 4 .O ,C .25)
87. CALL E N D G R ( O )
88 * C PLOT AVE PROP A S  FM OF R A N G E
89. CALL PHY SOR (2 ., 1.5 )
90* CA LL TITLEV ‘,l , R A N G E ,MS ’, t O O , P R O B A B I L I T Y $ ,IOC, v .75 ,2. 75)
91’ CALL G R A F  (O .,2000., 1 6300 . ,O.,O .2,1.0)
92* CALL A I N T A X
93’ D O S 5 J= 1 , N H F ,N H P
94*  DO 5O K = 1,H R
95* 50 P (K )*PROB (K ,J)

2 96* 55 CALL C U R V E C R ,P ,N R ,N R P )
97 * N HL ’INT(NHF /NH P )

CALL LE G EN D ( XP A K 2 ,N IIL , 4 .0,C .25)
99 * CALL EN DGR(O)
100’ CALL ENDP L( O)

• 1C 1 * C PLOT A V E  C R I T I C A L  A L T  AS FN OF R A N G E
102 * CAL L  PHY SOR (2., 5 .5)
10!’ CAL l . I M T A X S
104’ CALL TITL E C ’ ,1, R A N G E ,MS ’,lOO, C R I T I C A L A L T I T U D E , MA ’,1CO,3 .~~~,.
105* 4 7 5 )
13 6 *  C A L L  G R A F ( 0 . , 2 0 0 0 . , 16 0 00 . ,C . , 2 0 0 0 ., 63 0 0 .)
1C7 * CALL C U RV E ( R ,A V E C ,M R ,N RP )
1CS’ C A L L  C U R V E ( R ,C A 2 . N R . h P ~~
109. CALL ENDGR(0 )
313 . CA L L  EN DPL (O)
1 1 1* ~S C O N T I N UE
112 * CALL DO NEP I
113 . E ND

.D oc C O M P I L A T I O N :  NO D I A G N O S T I C S .
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3 Naval Postgrad ua te School , Mouterey
Dr.  James Arima (1)
Dr .  Gary Poock (1)
Technical Library (1)

2 Naval Research Laboratory
1 Naval Submarine Medica l  Cente r , Naval  Submar ine  Base , New London
I Naval Surface Weapons Center , White  Oak (Technical Libra ry )
2 Naval Training Equipmen t Ce nter , Orlando

Code 215 (1)
Technical Library (1)

1 Office of Naval Research Branch Office , Pasadena
1 Operational Test and Evaluation Force
3 Pacif ic  Missile Tes t Cente r , Point Mugu

Code 1226 (2)
Techn ical Libra ry (1)

1 Office Chief of Research and Development
1 Army Armament Command , Rock Island (AMSAR—SAA )
1 Army Combat Developments Command , Armour Agency , Fort Knox
1 Army Combat Developments Command , Aviation Agency, Fort Rucker
1 Army Comb at Developmen ts Command , Experimentation Command , For t Ord
(Technical Library)

1 Army Combat Developments Command , Field Ar tillery Agency, For t Sill
1 Army Materiel  Development & Readiness Co mmand
1 Army Missile Command , Redstone Arsenal
1 Army Training & Doctr ine Command , Fort Monroe
1 Aeromedical Research Labora tory ,  Fort  Rucke r
1 Army Ballistics Research Laboratories , Aberdeen Pr ovin g Ground
2 Army Human Engineering Laboratory, Aberdeen Prov ing Gr ound
2 Army Mate riel Systems Ana lysis A gency, Aberdee n Proving Ground
1 Army Mobility Equipment Research & Development Center , Fort Belvoir

(Library)
1 Army Resea rch In s t i t u t e , Ar l ington
1 Fort Ruachuca Headquar ters , Fort Huachuca
2 Frankford Arsenal
2 Pica tinny Arsenal

SMUPA—AD —C (1)
SMUPA—FRL—P (1)

1 Redstone Arsenal (DRXHE—ML)
1 White Sands Miss ile Range
1 Ai r Force Log istics Command , Wri g h t — P a t t e rson Air  Force Base
1 Air Force Systems Command , Andrews Air Force Base (SI)W , Roger Hartmeyer)
1 Tactical Air Command , La ngley Air Force Base
1 Oklahoma City Air Materiel Area, Tinker Air Force Base
3 Aeronautical Systems 1)ivision , Wri ght-Patterson Air Force Base

Code AERR (1)
Code RW (1)
Code XR ( 1)

I Aerospace Medical Research Laboratory , W r i g h t — P a t t e r s o n  A i r  Force
Base (Code HEA)
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1. University of California , Scri pps Visibility Laboratory , San Diego , CA
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